Background. Since universal salt iodization (USI) was implemented in Shenzhen, China, in 1996, evaluation of the time trend of USI to indicate the control of iodinedeficiency disorders has not been performed.
Introduction
Iodine-deficiency disorders, a major international public health problem, are the commonest preventable cause of brain damage in the world. Iodine deficiency is defined as a population median urine iodine excretion lower than 100 μg/L; values of 20 to 49 μg/L are classified as moderate deficiency and values of less than 20 μg/L as severe deficiency [1] . Iodine supplementation before pregnancy might prevent this adverse effect on the intellectual development of infants and children [2, 3] . Universal salt iodization (USI), which is defined as iodization to adequate levels of all salt for human and animal consumption, is the main strategy recommended by the World Health Organization (WHO) to control iodine deficiency worldwide [4] . It is now well recognized that the most effective way to achieve virtual elimination of iodine-deficiency disorders is through USI. The elimination of iodine-deficiency disorders has gained prominence among global development priorities during the last 15 years, and much progress has been made worldwide [5, 6] .
Because of the persistence of iodine deficiency in some environments, iodine-deficiency disorders cannot be eliminated all at once. To maintain sustainable elimination of iodine-deficiency disorders, iodine must be provided permanently to populations living in iodine-deficient environments. Assessment and monitoring systems play a fundamental and crucial role in the sustainable control of iodine-deficiency disorders. Since the implementation of USI in Shenzhen, China in 1996, a monitoring system has been established to assess the time trend of the control of iodine-deficiency disorders through regular surveillance of iodine-deficiency disorders every 2 or 3 years across the whole city. The latest survey was carried out in 2011. However, so far, an overall evaluation of the time trend of USI for indicating the control of Wei Huang, Chaoqiong Peng, Haixiong Huang, Jinzhou Zhang, Jianping Liu, Lisha Mao, Ruorong Luo, and Yunjun Xiao iodine-deficiency disorders has not been performed in this city. In this study, periodic data from regular surveillance of iodine-deficiency disorders were analyzed to assess the time trend of median urinary iodine and total goiter rates from 1997 to 2011 in Shenzhen.
Methods
Sampling A passive surveillance system was established to monitor the control of iodine-deficiency disorders through regular surveillance every 2 or 3 years across Shenzhen city since the implementation of USI in 1996. A cluster sample technique, probability-proportional-to-size sampling, was carried out in each cross-sectional survey from 1997 to 2011. A similar sampling procedure was maintained through all the rounds. Each district of Shenzhen was considered as the primary sampling unit, and two towns (clusters) from the Eastern, Southern, Western, and Northern districts, and one town from the Central district, were randomly selected. In each selected cluster, a local primary school was then sampled at random. Schoolchildren aged 8 to 10 years served as the index population. For each school, 40 children were selected at random from the enrollment list. The sample frame was defined as names and student ID numbers of the target population aged 8 to 10 years. The iodine content of a salt sample brought by the child from home was determined by titration. From among the 40 children in the sample, a subsample of at least 12 children was randomly selected to provide a urine sample for measurement of iodine concentration. All sampled children were examined for thyroid size by B ultrasound. A uniform survey protocol, including sample selection, questionnaires, and record sheets, was designed and used nationally for all the provincial surveys from 1997 to 2011. In the final round, the major dietary sources of iodine were investigated by a 3-day diet questionnaire.
All surveys were approved by the ethics committee of the Center for Disease Control and Prevention of Shenzhen City. All invited children and their parents provided written informed consent after the informed consent form was read to them by the investigators.
Measurement of salt iodine and urinary iodine
The iodine content of the salt samples was determined by iodometric titration with sodium thiosulfate using starch as an external indicator [7] . The iodine content of the urinary samples was measured by ammonium persulfate oxidation. Small samples of urine (250 to 500 μL) were digested with ammonium persulfate at 90° to 110°C. Arsenious acid and ceric ammonium sulfate were then added. The decrease in yellow color over a fixed time was detected with a spectrometer, and a standard curve was plotted with a known amount of iodine [8] . All chemical analyses were conducted in the laboratories of the Shenzhen Center for Disease Control and Prevention, which was accredited by the national iodine-deficiency disorders reference laboratory in Beijing. The accrediting criteria required that the accuracy and precision from analyzing external quality specimens provided by the reference laboratory be less than 5% of the specimen target.
Criteria for iodizing salt
Based on the WHO recommendation and the specific conditions in China, the current national standard for qualified salt iodization is defined as 35 ± 15 mg/kg (range, 20 to 50 mg/kg) at all levels from production to household. The national standard for unqualified salt iodization is defined as ranging from 5 to less than 20 mg/kg or more than 50 mg/kg; noniodized salt is defined as salt with iodine content less than 5 mg/kg. To achieve the sustainable elimination of iodine-deficiency disorders, the availability and consumption of adequately qualified iodized salt (approximately 35 ppm iodine) must be guaranteed. The coverage of adequately iodized salt at the household level should be more than 90% [5, 9] .
Criteria for assessing iodine nutritional status
Because over 90% of ingested iodine is excreted in the urine, urinary iodine is an excellent biomedical indicator of recent iodine intake. Urinary iodine values from populations are usually not normally distributed. Therefore, the median and percentiles should be used as the measures of the central tendency and deviations. A median urinary iodine concentration of 100 μg/L and above defines a population that is free from iodine deficiency; i.e. at least 50% of the sample should be above 100 μg/L. In addition, no more than 20% of samples should be below 50 μg/L [10] . The criteria for assessing iodine status are based on the WHO recommendations [4, 5] .
Assessment of dietary iodine intake
A total of 244 households including 853 participants were sampled randomly by the probability-proportional-to-size method in 2011 and were surveyed by trained investigators with 3-day diet questionnaires through face-to-face interviews. The participants were provided with a structured booklet for recording their intakes and received detailed oral instructions on how to record their intakes. The participants were asked to record in the booklet all food consumed for three consecutive days (Thursday through Saturday or Sunday through Tuesday), along with the dates and times of meals. The importance of maintaining their regular diets and recording all food consumed was emphasized. The random sampling and strict quality control method ensured the external and internal validity of the study. Dietary iodine intake was calculated from the intake of each iodine-containing dietary item (salt; water; marine food products, such as seaweed, kelp, and ocean fish; and other foods) multiplied by the iodine contents of these items according to a Chinese food composition database (2012 edition). The iodine contents of salt and water were taken from surveillance data obtained in 2008 and 2010, respectively.
Thyroid size by ultrasound
Thyroid volume was determined by real-time echography with a Siemens Sonoline SI-400, using a 7.5 MHz linear array transducer [11] . Longitudinal and transverse scans were performed, allowing measurement of the depth, width, and length of each lobe. The volume of the lobe was calculated by the formula: volume (mL) = 0.479 × depth × width × length (cm). The thyroid volume was the sum of the volumes of both lobes. The volume of the isthmus was not included. Thyroid size was assessed by two experienced investigators. To estimate intra-and interobserver variability in thyroid ultrasonography, W.H. measured 20 children twice and H.X.H. measured the same children once. The mean (± SD) intra-and interobserver errors were 4.5 ± 3.1% and 3.4 ± 2.7%, respectively. To reduce the influence of age and sex on the prevalence of goiter, the thyroid volumes were standardized to define goiter. The actual thyroid size measurements were judged by the National Diagnostic Criteria of Endemic Goiter to define goiter, as shown in table 1.
Statistical analysis
Public health professionals entered the data for analysis using EpiInfo, version 6.04b. A training course on survey methods, sample analyses, and EpiInfo was held in Beijing every year with the participants before the survey and data entry. During data entry, an EpiInfo check file was used to minimize errors. After entry, the raw data were sent to the National Institute of Iodine-Deficiency Disorders in Harbin, where a further data check was performed.
Because the iodine contents of salt and urine were not normally distributed, salt iodine content and urinary iodine excretion were expressed as medians. The frequency distributions of salt iodine content were available for the categories 0-5 (noniodized salt), < 20, 20-29, 30-39, 40-60, and > 60 mg/kg; the frequency distributions of urinary iodine concentration were available for the categories 0-19, 20-49, 50-99, 100-199, 200-300, and > 300 μg/L. The frequency distributions of salt and urinary iodine and differences of total goiter rate (TGR) among different years, age groups, and sex were evaluated with χ 2 tests. In all analyses, the level of significance was taken as α = 0.05.
Results

Salt iodization status at the household level
After the program of iodized salt to strengthen the prevention of iodine-deficiency disorders was implemented in Shenzhen in 1996, all values of median salt iodine content in household samples from 1997 to 2011 were higher than the 16.2 mg/kg observed in 1995. The qualified (20-50 mg/kg) rate of salt iodization reached 90% of the national standard in all years from 1999 to 2011 except for 1997.
Furthermore, the proportion of iodized-salt samples with iodine contents over 40 mg/kg decreased from 14% to 4.2%, while the proportion with iodine contents over 0 mg/kg decreased from 20.3% to 2.9%. From 2002 to 2011, most samples still had iodine contents between 20 and 40 mg/kg, and due to the more standardized iodization, the variation of iodine content became small (table 2).
Urinary iodine content
The median urinary iodine content among the children from 1997 to 2011 ranged from 207.1 to 278.8 μg/L. All median values were above the value of 117.1 μg/L observed in 1995 before the implementation of USI. The frequency distribution patterns of urinary iodine contents are shown in table 3. The highest proportion of samples with urinary iodine content over 300 μg/L was 45.6% in 1997 and the lowest was 20.8% in 2011. The lowest proportions of samples with urinary iodine contents of 0-19, 20-49, 50-99 μg/L were 0.2%, 0.7%, and 5.3%, respectively, in 1999. Overall, the proportions of samples with urinary iodine contents of more than 300 μg/L and less than 100 μg/L first decreased from 1997 to 1999 and then increased from 2002 to 2011. The proportion of samples with urinary iodine contents between 100 and 200 μg/L increased from 1997 to 1999 and then increased from 2002 to 2011.
Major dietary sources of iodine for the typical Shenzhen resident
Shenzhen residents obtained 87.2% of their dietary iodine from salt, 3.5% from water, 3.3% from seaweed, 1.1% from kelp, 4.4% from ocean fish, and 0.5% from other sources. Thus, their iodine status was mainly influenced by their intake of iodized salt and iodinerich seafood (table 4) .
Thyroid goiter status
The number of cases of goiter among the children, as defined by ultrasound-measured thyroid size, was 143 in 1997, 210 in 1999, 66 in 2002, 12 in 2009, and 8 in 2011. Total goiter rate (TGR) decreased significantly from 10.8% in 1997 to 1.3% in 2011 (p for trend < .001); the rate in each year was lower than the 20.4% observed in 1995 before the implementation of USI ( fig. 1) . The trend remained significant after stratification by age and sex groups. TGR decreased from 1997 to 2011 in all age and sex groups. TGR did not significantly differ between age or sex groups (table 5).
Discussion
The results of representative monitoring of the iodine content of household salt and urinary iodine excretion in children 8 to 10 years of age from 1997 to 2011 show the solid progress made in Shenzhen toward the implementation of USI and elimination of iodine-deficiency disorders. There were still some problems in the iodization of edible salt according to the 1997 survey, however; for example, unstandardized iodization and inadequate iodization, as shown by the large variation in frequency distribution of salt iodization and the low coverage rate of iodized salt in table 2. The problem of unstandardized iodization was mainly caused by inappropriate processing techniques and out-of-date equipment, which needs to be improved for better performance [12] . The lower coverage rate of iodized salt was caused by several factors. The first factor was competition from noniodized salt, as a large amount of noniodized salt was found in the 1997 survey. The second factor was the different criteria applied in iodization at the production level during the implementation of USI in China; the upper limit was set at 60 mg/kg in 1996 and then decreased to 50 mg/kg in 2000 and the upper limit criteria had come into effect since then. The third factor was the insufficient amount of iodine added to edible salt at the point of production. The last factor was loss of iodine during transportation and storage under inappropriate conditions [6, 10, 13] . The distribution of urinary iodine concentration in children may therefore be expected to reflect the iodine content of the salt used in the households where these children resided [14] . According to the present dataset, the median urinary iodine concentrations in the five surveys in children aged 8 to 10 years from 1997 to 2011 were between 200 and 300 μg/L, which were above the base urinary iodine concentration of 117.1 μg/L in 1995, indicating that USI had increased iodine levels in the population. However, the median urinary iodine concentration in the five surveys was highest in 1997, suggesting that it brought the potential risk of excessive iodine intake in schoolchildren [15, 16] . Excessive iodine intake was the major problem in the iodine nutrition of children aged 8 to 10, which was consistent with the overiodization of salt from 1995 to 2000 when the upper limit of iodine content in iodized salt was too high, indicating that overiodization was an important cause of excessive iodine intake among children aged 8 to 10 years. Hence, the median iodine content of household salt was reduced by 20 to 40 mg/kg, resulting in a gradual decrease in median urinary iodine concentration from 1997 to 2011. However, although overiodization was contained from 1999 to 2011, the proportion of urinary samples with an iodine concentration exceeding 300 μg/L remained high, indicating that it might be due to other factors. One possible cause of excessive urinary iodine concentration was the wide distribution of underground drinking water with a high content of iodine in Shenzhen. The other possible cause of excessive urinary iodine levels might be the diet, since iodine intake comes from the diet, especially from marine foods such as fish, seaweed, and kelp [14, 17] . These dietary sources of iodine need to be investigated in the future. The higher prevalence of goiter among children aged 8 to 10 years found in the iodine-deficiency disorders survey in 1997 might be due to the lack of adequately iodized salt, as the coverage rate of adequately iodized salt was only 73.2% in 1997. By 1999, the coverage rate had increased to 97.8% while TGR had decreased to 8.5%. By 2002, TGR further decreased to 4.4%, which was lower than the national standard (5%). In 2009 and 2011, TGR was still decreased to 2.1% and 1.3%, respectively, indicating that the prevalence of iodinedeficiency disorders was under control. This correlation between iodized salt and goiter rate has been reported in other parts of China [6, 10, 18] , highlighting that USI plays a crucial role in the effective control of iodine-deficiency disorders. There was a discrepancy between urinary iodine concentration and goiter rate in the early years of USI implementation. When the median urinary iodine concentration reached a very high level in 1997 and 1999, TGR of children aged 8 to 10 years was still higher than the national standard (5%). Urinary iodine content reflects the recent iodine intake of the human body and varies sensitively with fluctuations of iodine intake over the short term. However, the development of goiter is a chronic process that usually takes more than half a year or even longer. Likewise, lysis of goiter also takes a long time after iodine supplementation by iodized salt, which is probably the main reason for the discrepancy between urinary iodine and TGR [19] [20] [21] [22] .
In conclusion, the time trend analysis of the periodic data from our study showed that following the implementation of USI in Shenzhen from 1997 to 2011, steady improvement took place in the iodine content of salt and the proportion of households using iodized salt, as well as in the urinary iodine concentrations of children from these households. Thus, the goal of preliminary elimination of iodine-deficiency disorders was fulfilled. These results will lay a foundation for the control of iodine-deficiency disorders and be valuable for the formulation of policy for the control of iodinedeficiency disorders in Shenzhen and in other parts of China facing similar problems.
